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= (54) Title: STEEL PIPE HAVING EXCELLENT FORMABILITY AND METHOD FOR PRODUCTION THEREOF 
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= (57) Abstract: A steel pipe having excellent formability, characterized in that it comprises, in mass %, 0.0005 to 0.30 % of C, 0.001 
= to 2.0 % of Si and 0.01 to 3.0 %of Mn, and optionally contains specific amounts of specific elements, the balance being Fe and 
== inevitable impurities, and, with respect to the plate plane at 1/2 plate thickness position of a steel plate, an average X-ray random 
== intensity ratio of the orientation groups of {1 10)<1 10> to { 1 1 1 )<1 10> is 2.0 or more and/or an X-ray random intensity ratio of 
^= { 1 10}<1 10> is 3.0 or more. The steel pipe has high strength and exhibits excellent formability in the hydroform process and other 
forming processes. 
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<D±m (1)75 M (3) ©5 t>©{i!rH^lXtt2 35CBK±^lfctrfc 

_b IB 5*), (1) O^ltlR^fcov^Ttts {110} < 1 
1 0 > ~ {111} <110 ><Dj5®:ffi.?> {111} < 1 1 0 

fc> „ # * < £ flitii 1/2 ^kjp -e ©;K® © {110} < 1 

1 0>©X$|7^^.M&^W^ {1 1 0} <1 1 0 > ~ {332} 
< 1 1 0 > (DJ?&1&(D it, RXf. {110} <110>© 

>?J*3&mit<D ? *>©, ttfrfr 1 Xft 2 M±tf 3 . 0£A_h-e 

r. © £ 0 te, < i 1/2 feff-e©%® © {110} < 

1 10>~ { 3 3 2 } <1 10 > (DjjtiLmRTJ- {110} < 1 1 0 

*#ttffiWlot^5 0 

* fc, (2) ©2r#IS£H:ov>TH:, < i t>4l* 1 / 2 SJPt? 

12 
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<DWLm<D {100} <110>~{223} < 1 1 0 > <Djj$Lmv> 

1 / 2fRW.-T*<Dl$.m<0 {1 0 0} < 1 1 0>©Xi7 i/^A3^^it 
# 3 . 0 & ® x. -5 £ . *^5eoi^^t5, #fcMKt»7t-.f> 

&fc, (3) <£>:frflfcl&5£,;:ov>T «H« 1 / 2 SfT'O^iS © { 
111} < 1 1 0 > ~ {111} < 1 1 2 >&tf {554} <22 

5 > (DjjtiLm&xm? >-?j*&mtk<D*t%a& 2 . o^isu x«> « 

tRl/2«ff*T?<0«®<0 {1 1 1} < 1 1 0>©X«i7y^A3SS 
dS-tS < -5 ISir] K: 5 ^r^-^^2. 0^±S.t^3. 0£*_b<£ 

mftrnzfoft-tz z t t-v, t^iB d)3tr;(2) ^-frx u)~(3) 
<d 5 < £ t, 1 mn &>±&mit-r r t 1 u , ^ -f FP7t- 

{110} < 1 1 0 > ~ {332} < 1 1 0 > <DjjtiLMte<£&tl 
Z>±ftJj fates (110) <110>, 1661} <110>, { 
441} <110>, {331} <110>, {221} < 110 

> % {332}<110>> {443} < 1 1 0 > * {55 
4} <110>T'fe5., 

£ f c , {100} <110>~{223} < 1 1 0 XD^^LpfC 

* ft 3 £ ft # ti: tt * (loo) <no>, U16X110 

> s {114}<110>s {113}<110>s {112} < 
1 1 0 >, { 3 3 5 } <110>^lF, { 2 2 3 } <110>T« 
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{111} < 1 1 0 > ~ {111} <112> (OjyVLmfc 

^t-tiz>±%jj$L&, {in} < i i o>, xt;, {iii} < 

1 1 2 > T? h 5 o 

rllb©#^t©Xl7y^^^gJ:btt, {1 1 0} SjSB±D 

Wi'SsR: ± 9 fhgUfc 3 ^Tn^^miS^, {110}. {10 

o}, {2ii}, { 3 i o } m&m<o 5 t>©«*otf jftH&atfc: 

, **JRPB2fcT?W'#Lfc 3 * 56 3ft «>*i,tf J: V*. 

#1 {110} < 1 1 0 > ~ {332} <110> £>#>f£P 

fcioVNT. if©*$^t)#gS^f ©Xi7 ^ A3£gjfc£:fti£> 
Sfcltt, 3 & 5c SI * 2 =45||ffil:|5(t5 (110) C 
1-10 1, (661) CI -101, (441) CI -10 1, 

(331) Cl-10], (221) ( 1 -1 0 ), (3 3 2 ) ( 
1 -1 0), (443) Cl-1 0), (554) ( 1 -1 0) t 
th % V # , * ft , {10 0} <110>~{223} < 1 1 0 > 
^ffi»t»ta, (001) [1-10), (116) Cl-10), 

(114) Cl-10), (113) Cl-10), (112) C 
1 -1 0), (335) ( 1 -1 0 ] Rtf ( 2 2 3 ) Cl-10) 
-C, {111} <110>- (111) <112> (DjjtitmX* tt , 

(111) (1 -1 0) Jtf (1 1 1) C-l -1 2) T?, Ztl^th 

£ fc, {110} < 1 1 0 > ~ {332} <110> 

, (110) Cl-10), (441) Cl-10), (221) 

Ci -l o) ©:£4fc©*Bin5p*&*eft# uxfc J: 

**M©A^iia»W[, <*> 2 =4 5° 
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45 i5 (-lit 5 o 

4*5, IK EE fc«*fH!rj&SB«) £*i54&#fc:tt. *RJ¥© 

3 / 8 ~ 5 / 8 ©*SHt?ffi*f^©4v>«|0f*j:ov>-ca!l^-rtt«r «£ 

^^O^ffi, 09 3.1*. JhfB 3 / 8 ~ 5 / 8 <0*SfflT?, f&3fc©*5ffl-C* 

\z » , ebs pa^ECPSia uaij^uTfcHu^^jfcvN. 

t^fflftliB VXM&16zmti*&{k _L IB tf>H# «: 

^tfci: «15fcSia[4*SA*ffi^ <hk 1 > t?, Satf©^^;^ 
fB]^s< u vw>-e^:^ist5, 
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<1.0 0> : 2PiT, <41 1> : <2 11>:4«T 

, <1 1 1> : 1 5PiT, < 3 3 2 > : 1 5«T, <221>:2 
0. 0 £AT, <1 1 0> : 30. O^To 

$. fc. $S^[rJ 4r*i-3g«;ftBfc*5V^ < 1 1 0 > : 1 0 £*± 
, _hf2<D < 1 1 0>W^O<£TO^l& : 3£JlTo 
MfB (9) O^WKioVNTR^tS. 

nit : ^4 Kn7t-ATft, #J *P X «P t~> 

ifc»;flS*>5fc«>, Zrti^tiO. 1 2 trTRS i: Ufc 0 n lit O ± &g # 

nlgte, J I S ©31 51 9 ItiSl^itSi^i^ 5 — 1 0 %3U3 
3 ~ 8 %T*^ae) b 3x3 IS ttitS. • 

t&fe (io) o^Bjfcov^R£BJ!i-5o 

rig OTIS Sri. 1 t Lfc 0 r IS <D ± Rg te# id 5£ © 5 £ i: ft < #38 
rlfite, J I S §|§g y> f$*T?S**T? 1 0 %X« 5 

«Tlil, «TlB (2) ~ (7) RtfffrSB (1 5) ~ (1 8) 
A 1 % Z r % Mg : film Tim £ Alii, 
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, ^Slc^ct, fctt2S£t±?r, -a-ff-eo. 0 0 

01 — 0. 5 0%, Xtt v Al : 0 . 0001 — 0. 5%, Zr: 
0. 0001—0. 5 % , M g : 0 . 0001—0. 5 % b L fc „ 

^*B*5B8€r 1 SX« 2 S«±o^thXtt¥«&-eo . 0 0 
1 - 0 . 5 % £ L fc o 

tillDt5rii:L, -^cofSH^rO. 00 1-0. 2 0 %i Lfc 0 

ft-fsrara* o -eft < , iKseii-bfc«i«gaftSr±#$*, apn4t>«£ 

T^^iH^, 0. 000 1— 0. 0 1 % b L fc o 

Ni. Cr, Cu. Co, Mo. W: £ tl b « » ft: tc * T* fe 53 > 

^hcjsct i axtt 2 mu±v>&^rx*xtzm&-e o. 001 %sk 

UJLf&2U$k±<0&tirXtiiW&"r? 0 . 0 0 1-1. 5%bVtz. 0 
Ca, :ffir±&7G5it (Rem) : #&4fe*J»fc:fr»fc5c*T?, 514 

gj^-tts fctf>, ^iiiiiSDT, -£tf-xtt¥&-c o . 0 0 0 1 -0 
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. 5 % (Dmm b Ufc 0 :iT\ #±^5c^ (Rem) b > Y. S 

£>3 ^ y > * # ?v b UT^^D-f-Sr i^n^ hWKf?IIt*5. 

N : NftitSIfclC^iT* 0 . 0 0 0 1 %£*±<D«P if5#, 
^^^RS^J^^^-C^i^iPttif* < , _fc|g£ 0 . 

0 3 % b b fc o 

H f „ T a : ^IfJUS CTijlWt 5 H f % T a tt, Zifl^h 0 . 
0 0 1 %^_b©mJDT^^^, S« H< U^Sft«I*Mt5 
^ifc±oT«»Sr*»flEflSt5#, 2. 0 % Srj® x. tt, 

ffl^r. Zti^eth 0 . 001-2. 0%i L/c„ 

*fc, ^pJSW^Hfei ttO, Sn, S, Zn, Pb, As, 
S b # Zti^tiO . 0 1 %£*Ttf>i5ffl-e-a A/T? t> > #3§91<£> 

*SfiSt?*>S„ TtfrfS (8) XU! (1 2) ©3S§Sfc:*^-Ck3:, 

{110} < 1 1 0 ><D& m Sr £ «9 3& < "f 5 tc £> K « , ±*B T* 5 
7x7-f f <£>3|&^£ 0 . 1 • — '2 0 0 ^ m fc $!) $J 3 r £ 
So fcSglltt'feott), 0. l~10MmO 

7 X7 ht<Oii^> 1 0 — 1 0 0 ^m©7x7/f h*fc<0ft#tfS 
ft ft HI *5 V* T t> , {110}<110>~{332} 

< i i o > <Djji&mT«mi>j&M ! &fa±fcm : mte inoi <no 

XDmm*Hb#>z £ b b * *m*\ *&m<D$}$k&$:-fz> 

fcv^ :rf7xNt>liSfi:, J I S fcS(lft!.Lyt^J»f&t?#J6 5 

r. r-r?, 7^?4 hnn^T *^<7 h }k&mMirZ>\z.htc y „ 
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R&wmfc-r z&mfth&o mmmm^wc n m<Dwmm ?4 -y^^ 
2 ~ 5 * —/vm*m v^r , mi&ptmm if ad tco 

V^T{i, ¥ffa^ v ^> P'ifc •• S U L C - G v^, ^ti^zfiy ^ 

rV;V^ ^^.^/Jn yi : 2 ~ 1 0 g % WWk • 0 . 1 ~ 1 g . fc° 
^ D : 1~5 g^^^Lfcf , 6 N©$| : 2~3m 1 ^rllDi 

m^^, ^<dv-7* ? w ^<£> — gp^ aits i^fcs. 
tts 0 ::t\ ^ ^ h 3is^}*, i o o~5 o of ©2 onsf 

/wxhx^o mvkm&vm&x^ ii?>©iiisii 5 0 

b1-Z> 0 0. lMm*l©SglS^I|«)(^it5:i: 

«El|-efe t) , 2 0 0 a £ {110} < 1 1 0 

H ft > MIH (13), ( 1 4 ) T? W: , {110} < 1 1 

0 > ~ {332} <1 1 0 > <D <D&mit% m #> > {1 00} 

<110>~{2 2 3} <110><D3£^ifc£{&&3fc#>J-s 7x 
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o 

£ ti e> (omtz, ioo~ioo omoyt^m&isttex 2 0 

* , W IB (13) © m m K & X t± . {111} <110>S 
(F/Xii {1 10} <110>~{332} <110> tf>;frl£i$£> 

1050 °C -130 0 °Cizmm «r*PS» UTl8Haiff35£4' A r 
3 1 0 °C£*_bA r 3 mm&+ 12 0 °Ct(c^T^ 5^^, 

mmmizmtf mmzm-rz. t , mmm<D^% jsl t> ^s^r 7 5 0 

Tt-ff 5r Hfcri, %immM%M-t r t „" ^ © & te: # *fc «6 X 

;£ , O, Sn, S. Zn, Pb, As. S b if # , ^tl^tl 
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m& m&fchtcoxiz, mmmm. tig, mig, u--? 

HtT IB (19) RXfi (2 0) CO^SJ (j&]&&<D&tl1tm*gO 

mmtKXteftmfatDM&mffit, : tib u)~(4) ©5*>©^tt^i 

#> © ^ # t? 3 o 

(1) < t hmm. 1/2 «j?:T?cD^ffi<D {110} < 1 1 0 > 
~ {111} < 1 1 0 > O^H<DXil7 f^A3&£Jfc©¥i&as 
2 . 0 ^Jb, mm. 1/2 «ff {110} <110>© 
Xii7yyAlgjt^3. 0 ^_hO{PTtt^ — & 5 - 

(2) /> # < % «tE i /• 2 « J? -e o «® <o {1 1 1} < 1 1 o> 

ox^^^^A^sit, mm 1/2 mm-x*<DWLm<o uio < 

1 1 0 > ~ {3 3 2} < 1 1 0 > (O jjftLffi <o X 7 is # & 3&SJfc , 
1/2 flff-COK® <£> {110} <11.0>©Xl7V^A 

o 

(3) < t hfflm 1/2 «ff {100} < 1 1 0 > 
~ {223} < 1 1 0 > 0*ttgOXil7 V^A3£^Jt <DSpi£K 
gift 1 / 2 m.W-X<OWLM <0 {10 0} <110>OXl7y^A 

(4) 'pt£ < t 1 / 2 «ffT?<0*RB© {111} < 1 1 0 > 
~ {111} < 1 1 2 > RTJS {554} <225> ©*tl©X 
1^7 V^-M^it© 5 ^^ 2 . 0^±, 1 / 2 *RJ?-Ctf>«® 
©{111} <1 1 0>©Xl7y^Ai|J:l;^3. 0 SX±(Dfa 
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3 + 2 0 0 t£(TtIlt5, 

iDItal?r 6 5 0 °C£*± £: ^tDft^L; B5it <£> 9 0 0 °C£JIT 
6 5 0 < CK±Ac 3 + 2 0 0 tKTiS£Ufc. 

m^tt^So ^t^strf-^K^^^^jg lt hm 

t5i?^fe©t Lt> tKJ^ffifC {111} < 1 1 0 >&T>*/.X 

« {iio} <iio>~ {332} < i l o > ^(Dmmm&m * 

^f-ftflB (2 1) ©S&WUlOV^ttWr*. 

XtJf/XttJ^^lpJTf 0. 1 8£l±ilfc. ^iHO^^^-Kfci 
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# ft tf> n ^ ri* 0 . 1 8 £X±X-hZ> i £ #3* 

, £ ©»^fctt, tt«inX£#fc n tt» 0 . 3&lTHt, 

KrfB (2 2) (PJfcBHtei-^TIfcWt-S. 
#3W(DS^^[pJ^ r <tt : z\tl&X*<DW$ZK £tit£. ®\ x. i*\ H 5 
0 |elMtt>!JDX (1999^,44730 i:$>5i?t, F 

p ^ * — j*f&miz.x.&-r r <a 5: ^ ^ a <t z>m 

S¥*lRlOrIi5HF-e(Dl KT'fe5T$ 
J^^T*ttiI«n?fe5rJ:^/7^-CV^, £fc> FISITA World A 
utomotive Congress ,2000A420(^Seoul , Junel2-15 , 2000) \Z \$ , til 
g *P 3: _fc 5 £ K', rffi^ftJi^il&S - ^^ s ^^tL 

r 5 0 

U^b, $§«OX^£i^£>T;K^#lRjtf> r tefclSjJh $ *T t> , & 
flltf <0 2nXtej&*gfc#$ih,fc£ i: fcttft e>^VN 0 -^rt»W: % t|5*ttf>:*: 

lit 5 &3M S *> 9 , ft^^lRlO rfitifi<t5±5fc 

, sBi^jDxaoffiT-^aisJPxsrifciSf^^iatfff 5 r. i *s^rs&t?fc 

23 
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tu IB (23) ©IIK^ov^Ti§!t5o 

(1) i/2*£j?-etf>;K®<z> {i 10} <i i o > ~ {i i i 

} < 1 1 0 >0^tf OX^7 ^^A5t^Jt©^^^ 1 . 5U± 

(2) 1/2 ^J¥T(D«®^> {110} <1 

o 

35 \z. % j&Jg^ «: US «> , nfit r «©6ffft^7y^%ft5fcftt 
. #3 1 / 2 Tr <£> ® (£> {1 1 1} <1 1 0>©Xi7^^A 

{110} <110>~ (111) <110> ©*tS©^x 

^7^yAss^ifccD^T?^, {i i 1} <i i o> <D&mit\*mm 

{110} <110>- (111) <110> <Djj$Lm<0¥-i%m 
mittf 2 . 0W_hT?, ^o, {111} <110> <D3S&J*tf s 3 . 
0 £A_h-efc*Wi\ Y v * — J^mm^ k LTll^flT-fe 

£fc, {110} <1 1 0>tlS4*ttOloT?fc5 0 U^U 
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ft&, {hki}<uvw>t«, ±m<Djjmx*xm%u l , &&Wi 

iK bfc t # , l&ffifcgitft^&^i^ < h k 1 > t? % $^ 

rH^cD^^^^^^^fc-^^^S^^^^fi, ftllB (1) (Dm 

m&mmRUTx^? hit : mm (12) <d^w t mmK. 0 . 

1 n m*i©S^II&!](^It5 :HJilt*fe!), 2 0 0 /jm 

fc 0 r^^hJtmov^-ck, lute (14) o^Bjti^i^-e 
ttj^p (27) ^^pj^^^^pjo^^-m^^^s m%.m s 
/&#ii/&K:^5PS^si±m, mf^u^tiife (1) <Dmwx*mwi> 

N : N fe-mfe£4kK^f$bX h 5 <DX, 0. 0 0 0 1 % U ± <D WiM 

_h PS & 0 . 0 3%t Lfc„ 

fulB (2 7) ~ (3 3) <D^B^(0^^,m^^^§PS^a^«, m 

x&bfc (2) ~ (7) (omm, Rtf, (is) ~ (is) <Dmw<D 

N i , C r , C u , Co, Mo, W: itl J*fc # tf> ifi PJ © 36 in 

Mtt(£T£*B < r t e>, ^thxrtma-e o . ooi~5. o%t 

^f^Sm&a^m^ £ It O „ Sn s S, Zn, Pb, As, 
S b ft £~ £ , ^tifiiO. 0 1 % ^ T Z> «5 IS X ^ h X t> x W © 
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utile (34) ©^p^}:ov^tEKt5„ ziTvmmmfcz 
ma o 9) (vmw tmmxhz 0 

m^m^fe. Ac 3 II^-5 0°C«±Ac 3 i!^+ 2 0 0°C 
KTCKlll, 6 5 0 °C^_hT?li^^^ 4 0 £: 

#nf«^ A c 3 &«B/£-50t;£tHBv^ jaEttfiT-^il^ttL 
^^^O^-e^fiJ^^S^Hi^ 9 , Ac 3 fl^+ 2 0 0 °CJ:!) 

ffl ^ is^-r 5 „ 

IHbl- J; 5 ^M14^^Mt<^fc^, 8 8 0 °C«Tit5ra^^l 
Sfc, $f@*te 4 0 % 3 i: n m&mmx$> V , £7cMt£ 

X, WLW±mK, { 1 1 1 } < 1 1 0 >RT$/Xl* {110} < 1 

io>~{iii}<iio > ^<DMmm&M$> . {110} < 1 
c^m^ll] 
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m 1 ~ 4 K7F-fj&ttWLf&<D&m&, ^IllT^ilt 12 0 
0 "C f^D^, IflffSU #^©^^i?^*P^itT^*5 A r 3 
1 0 °C^_t A r 3 ^MM+ 12 0 °C*^ 9 0 0 °C ) 

-e, 2. 2Rtf7mmJ|^ilSWffl^ll7t, 5i ^ IB & t>* 

X, — glHco^T te^^M^^ffc It, 2. 2 mmj? £ tf>^2£*Jl 
ifc^Sr^BJ Ufc 0 ^<7>#, ft-m 1 0 8 - 4 9 mm &d #i FbI T? T I G, U 

-iF-£fc«:miiJ&g&«:fflv^T3i<8 f ufc^, ac 3 mm&~Ac 3 

^W>M> + 2 0 0 °CI^Pllt, 7 5 ~ 2 5 mmii 9 0 0 ~ 6 5 0 

KP7t-A^^tt, ttffUilmm, 1 0 0 bar/mB©^#T' 
V N » ^ — ^ h M 5 * X o o tfl.k o T #9 W 1 0 mm <J> <D ^ ? 

©f©fif*[S]I^: m^^l^.^- : h e^rM^Ux r <£> 2 

o^agotb p = e <t> / e e & - o . 5 mmfewi'P-r z #>-^-r 

T^i6fc 0 S^&t^iH^lRjO n {fi*5 it; r f 3 M :fc£ 13 ifc >t & ^ *t ^ 
^ISLt, n ffif^S^*^ 5 %~ 1 0 3 %~ 8 %tr. r fit 

£ 1 ~ 4 Sc. &m<D {110} <110>&l> t (110) <11 
0>~{111}<110> <d # $Lm<nx m 7 v^.M£^Jfc. XU 5 

h mMX*<D p = f 4> / z 0 = - 0 . 5 t^5§l5^©^/7cf ) 
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bi«a-ut«, {i i o} <i i o > x mm *t 3t & # tti 

& 3 . 0 £*Jb, {110} <110> - {111} <1 10 

£fc, ^^|NA~NGT*li, ISJIifc'bi^fef , {1 10 
} < 1 1 0 > X M & , ^r:ft&^lM$9A~U<£>^;ftJ;i9% 

— ;5\ Jt^^3^? & 5 ffi C © V#3, MM g <DWm. b <DXm. 

MB (DZm, |MoOAA|^(;iREM©BB|lt {1 1 0} 
<1 10>M {1 10} <110>~ {111} <1 10>OJ 

{iio}<iio> xmnMm&nM^^(D<D, m^m^i: 

10} <llb>#*tM£Jfc*<iS&&-T*14:'SF* 1 t>iftv^ 
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